Background: Physical activity (PA) is beneficial for all people, yet people affected by
| INTRODUCTION
The progressive nature of multiple sclerosis (MS) and associated motor, cognitive and psychological symptoms mean that people with this condition may become increasingly disabled as the disease progresses. [1] [2] [3] [4] Consequently, many people with MS (PwMS), especially those individuals with moderate-to-severe disability (ie, significant walking limitations that require support for gait PDDS 3-7 or EDSS ≥6), often need emotional, physical and instrumental support to manage associated life roles and maintain independence. 5, 6 Providing this on-going support falls primarily on the family caregivers 7, 8 who may spend up to 10 hours per day for caregiving activities. 9, 10 Together this evidence suggests that the impact of MS does not rest solely on the individual with disease and that PwMS and their family caregivers often need to adapt to its presence as an interdependent caregiver/ care-recipient dyad. 11 The definition of caregiver/care-recipient dyad 12, 13 Researchers have demonstrated that regular participation in physical activity (PA) has beneficial effects on all aspects of health and quality of life for all people including PwMS. [14] [15] [16] Yet recent estimates
suggest that approximately 60% of PwMS are physically inactive (ie, fail to meet public health guidelines of ≥30 min/d of moderate-tovigorous intensity activity) compared with 23% of the general population. 1 Furthermore, people with progressive subtypes of MS have lower PA levels compared to those who have a relapsing clinical course, 17 suggesting that a higher disability level is associated with physical inactivity. 18 With increasing caregiving responsibilities, family caregivers of people with moderate-to-severe MS-related disability may have limited time and opportunity to participate in PA. 19, 20 To date, PA promotion interventions in the MS literature have been individually oriented and focused primarily on individuals with mild-to-moderate MS-disability. 17, [21] [22] [23] [24] However, the developmentalcontextual model of coping with chronic disease suggests that the disease has an impact on both caregivers and care-recipients and that dyads who engage in collaborative activities such as PA are more likely to experience better adjustment. 25 Furthermore, research in other chronic disease contexts (eg, cancer and dementia) has demonstrated that a dyadic approach to PA improves several health-related outcomes for the dyad including muscle strength, physical function and psychological health. [26] [27] [28] [29] [30] Collectively, this work highlights the importance of targeting the dyad as an equal and interactive unit and suggests that PA promotion interventions that are mutually beneficial to the needs of PwMS and caregivers are warranted.
For researchers and clinicians to effectively promote PA among caregiver/care-recipient dyads with moderate-to-severe MS-related disability, a comprehensive understanding of the shared PA experiences of these dyads would be beneficial. Qualitative data are extremely valuable for providing insights to guide the development and implementation of appropriate interventions. 31, 32 However, the majority of qualitative studies on PA among PwMS do so from the perspective of those with mild disability, with little consideration given to the experiences of those with moderate-to-severe disability. 33 
| METHODS

| Study design
We chose a qualitative, cross-sectional, descriptive study design to answer our research question. 35 A focus group method was used, as it facilitates interactive discussion and exchange of ideas among participants. [36] [37] [38] Such interactive focus group discussions are reported to provide deep insight into multiple views on health behaviours. 
| Setting and participant recruitment
Focus group participants were recruited from three communities with populations ranging from 39 000 to 474 800 located within a single Canadian province. Potential participants were informed of the study through (i) a recruitment phone call to individuals who had participated in a previous study conducted by investigators in our research team and consented to being contacted for additional research projects, (ii) newspaper advertisements and (iii) information flyers distributed through local MS clinics and MS Society chapters.
The principal investigator (PI) or a trained research assistant (RA) conducted a telephone screening using a pre-defined script developed for this study. During the phone screening, we asked the primary contact person (ie, either the PwMS or caregiver) to provide contact details of a possible partner for the focus group. Once provided, the PI or RA made a separate phone call to the partner to screen for eligibility.
Potential participants were eligible to take part in the study if they met the study's eligibility criteria in Table 1 .
| Participants
A total of 97 individuals (58 PwMS and 39 caregivers) expressed interest in the study. Nineteen PwMS and 22 caregivers decided not to be screened after receiving more information about the study and what was involved. After completing the screening process, nine PwMS and five caregivers were deemed ineligible (due to disease severity or transportation difficulties). Another seven PwMS were eligible but chose not to participate because the group timing was inconvenient. Thirty-five eligible participants comprising of 23 people with moderate-to-severe MS-related disability and 12 caregivers returned a copy of the signed consent materials, and these individuals were enrolled in the study. A flow chart summarizing the recruitment and enrolment process is presented in Figure 1 .
| Procedure
The focus groups were conducted between April and August 2015.
Participants were assigned to groups based on practical reasons T A B L E 1 Eligibility criteria for people with MS and family caregivers Transportation difficulties PwMS = 4 Caregivers = 2 semistructured discussion guide was used (Data S1). All the focus groups were digitally recorded and professionally transcribed.
| Data management and analysis
Descriptive statistics were used to report the sample characteristics. Focus group data were analysed using a constant comparative approach. 40 The final themes, subthemes and definitions are provided in Table 2 .
ATLAS.ti v7 software (Scientific Software Development GmbH, Berlin Germany) was used to facilitate data management and analysis.
| Trustworthiness
The strategies recommended by Lincoln and Guba 41 were used to ensure rigour. Dependability and confirmability were achieved using an audit trail to connect the raw data and codes with themes and subthemes. To enhance credibility, two researchers independently analysed the data, discussed and compared findings and consulted with the senior author in case of a disagreement. Each participant was mailed a summary of his/her individual focus group approximately 2 weeks after the group for member-checking. Each participant was asked to comment on the summaries if inaccuracies were detected. Participants were given the option to decline if they did not wish to be part of this procedure. Of the 35 participants, two declined to participate because of vacation plans, 21
responded and expressed no concerns with the summaries and 12
did not return the feedback form despite three follow-up attempts.
Transferability was achieved by presenting sufficient contextual information and raw data in this paper to allow readers to evaluate the themes and to decide whether they can be applied to their own situations.
| RESULTS
| Focus groups
In total, there were six focus groups and each group lasted an average of 93 minutes (SD=17.3; range=59-107 minutes). Tables 3 and 4 display the demographic and clinical characteristics of the 35 participants. The sample was largely female (n=22). PwMS T A B L E 2 Themes, subthemes and definitions generated through the analysis process were aged between 37 and 71 years. Family caregivers were aged between 38 and 79 years.
| Participants
| Themes
The experiences shared by the participants were captured in three related themes: "PA is a continuum," "cycle of disengagement" and "cycle of adjustment" (Figure 2 ). Overall, the participants' experiences of PA as a structured-unstructured continuum were consistent across the focus groups. The cycle of disengagement emerged from statements made by participants engaging in little or no PA.
A combination of internal and external issues kept them locked in this cycle. These participants were able to engage in PA when they entered the cycle of adjustment, which occurred over a period of time. Availability and usage of adequate support systems helped them to break out of the cycle of disengagement and enter the cycle of adjustment. In the discussion that follows, the themes and subthemes are described with quotes that illuminate their meanings. At the beginning of each quote, a pseudonym is included with PwMS or CG used to denote a quote from a participant with MS or caregiver, respectively.
| Overarching theme: PA is a continuum
To orient the participants to the phenomenon of interest, we asked them to describe what PA meant to them. The main theme that emerged from the analysis of the focus groups was that PA falls along a continuum ranging from highly structured to unstructured activities.
This theme was captured in the stories shared by both caregivers and care-recipients. We heard some dyads describe PA as any structured, planned and supervised activity that is performed within the bounda- 
exercises I am able to do at the [name of facility] they also have a heated pool which is great…
Other dyads conceptualized PA in a fairly fluid and unstructured manner. These dyads described PA as any activity accumulated through leisure, everyday occupations and household activities (such as gardening), as well as actions taken while pursuing other goals (such as walking to work). This conceptualization of PA was mostly apparent in the stories shared by dyads affected by a more severe MS-related disability.
Cody (CG) commented on accumulating PA through everyday household activities. There were also examples of participants who conceptualized PA as a combination of structured and unstructured activities. This conceptualization was more apparent among PwMS, who discussed that at times (eg, during a severe relapse), they had to "take a break from the routine"
[going to the gym] and move from the structured towards the unstructured end of the continuum "while recovering from the relapse" (Pat, PwMS).
Despite the wide range of possible activities that were described in the continuum, some dyads reported participating in little or no PA.
During the discussions, these same dyads expressed frustration and sadness at their current level of PA. PwMS talked about their daily physical and psychological struggles when trying to be active. Family caregivers, especially those providing care to more disabled individuals, discussed the need to become experts at providing adequate care and safety for their care-recipients during PA. In addition, these caregivers had to balance the caregiving activities while ensuring that they also were able to participate in and benefit from PA. Although these dyads expressed the desire to stay as active as possible, coping with these challenges and having to balance several dimensions of caregiving often resulted in them being unable to engage in PA. The experiences shared by these dyads were captured in the theme: cycle of disengagement.
| Theme 2: Cycle of disengagement
This theme captured the reflections of the dyads on their inability to engage in adequate amounts of PA because of issues related to physical (dis)abilities, loss of independence and the unpredictable changes associated with dealing with MS. Although this theme was consistent across focus groups, it was expressed more clearly among dyads affected by a more severe MS-related disability. Within this theme, two subthemes emerged during analysis: awareness of limitations and mourning loss.
Awareness of limitations
PwMS made statements reflecting personal awareness and insights about how bodily issues limit to some extent the type of activities they engage in, as well as how they go about engaging in those activities. Caregivers also described how the limitations experienced by their care-recipients restricted their own daily routines and participation of the entire family in PA. These same caregivers expressed the need to be constantly vigilant, monitoring the status of their carerecipient and using it as a determinant of daily activity choices. 
Kim (PwMS) commented:
I love to sew and I use a sewing machine. And my right leg is affected and it's weak, and the coordination of it. And
F I G U R E 2 Graphic depiction of study themes and the relationship between themes so I have to really put a lot more energy into sitting down and sewing. I'm going to have to learn to do it with my left foot so that it's a little bit smoother. But that is another thing that it's a leisure activity for me that I always enjoyed doing that's just a little bit more difficult now because of MS
Mourning loss
PwMS described a sense of frustration when comparing previous and current abilities. Caregivers of these individuals also expressed sadness at losing the freedom and independence to engage in activities they previously enjoyed because of the added responsibilities of caregiving.
Tina (PwMS) commented: …To me when I think of it [PA], it's such a loss because it's more I think about what I used to do and what I would like to do…I used to dance and I used to teach fitness. I'm still grieving that loss of not being able to do that…
Tim (CG) also shared this experience:
There are chores that need to be done around the house and things that she [PwMS] used to do before that I have now taken over and that's offset some things that I used to enjoy. I used to go out for walks and hikes but I'm now sticking around a little bit more to do more around the house
Drivers of the cycle of disengagement
As the dyads constructed their PA experiences, a set of drivers emerged as influencing the cycle of disengagement. These drivers constantly alerted participants to their poor functional status (eg, reduced mobility) when attempting to be physically active. For some PwMS, external issues such as lack of supportive resources in the home and community, and negative feedback from others resulted in the decision not to participate in PA. 
Ah, it's embarrassing. I don't want you to walk us because it's embarrassing when you fall"
For other participants like Tom (CG), internal issues such as the presence of comorbidity reduced PA participation.
… I was walking with Tracey [PwMS] but unfortunately I have arthritis in my hip now. And that comes with age and until I have that rectified, my walking is very limited.
Breaking out of the cycle of disengagement
As the dyads shared their experiences, it became apparent that the availability of supportive programmes and services or people (health-care providers and social networks) halted the cycle of disengagement. Accordingly, these resources acted by providing the dyads with the information and tools needed to support learning new skills and action taking with regard to engagement in PA. Once the cycle of disengagement was successfully halted, the dyads described moving towards the cycle of adjustment, where they were able to make changes in order to improve their level of engagement in PA. For some dyads, these changes included planning and making small adjustments to their daily life to ensure that they could participate in PA during the day. For instance, Bob (PwMS) reflected on how he now takes the stairs at work instead of the elevator and how he has been walking over to his co-workers' desk rather than emailing them.
| Theme 3: Cycle of adjustment
This theme was more apparent among dyads that were currently engaging in some PA and captured their reflections on the adjustments they had to make to incorporate PA into their daily routines. For most of the participants, the process of adjustment occurred over a long period of time, but as soon as they entered into this cycle, they reported needing less support to be able to maintain their PA. For these dyads, the adjustments involved redefining what PA meant to them and shifting their expectations on types of PA to engage in, as well as the mechanism of engagement. This theme was more common in stories shared by dyads who had been living with MS for many years and reflected in two subthemes: (i) acceptance and (ii) innovation and modification.
Acceptance
The dyads talked at length about how having MS affected all aspects of their PA experience. They also shared the importance of accepting the reality of MS and adapting to the changes in their abilities to engage in PA, as well as the need to change the way they think about PA. 
| DISCUSSION
While there is a growing body of evidence on the experiences of PA participation among PwMS, this literature has been individually oriented and focused primarily on people with mild-to-moderate MSrelated disability. 34, [42] [43] [44] [45] Our study is unique because it explores the dyadic perspective of people affected by moderate-to-severe MSrelated disability about PA. This has not been done before. Given the literature suggesting the importance of treating the dyad as a unit, this work extends previous findings from populations with other chronic diseases such as cancer, dementia and cardiac disease 27,46-48 to people affected by moderate-to-severe MS-disability.
Across the focus groups, the dyads were concordant in their description of PA as a structured-unstructured continuum. Several activities ranging from aerobic and resistance exercise training to leisure activities and common everyday actions were included in the continuum. The widely varied options for possible PA have been previously reported in survey studies identifying common activities self-selected by individuals with less severe MS-related disability. 45, 49 Elsworth et al. 45 observed that swimming, stretching and walking were the favourite activities selected by 27 PwMS who completed questionnaires as part of a larger focus group study. This evidence was extended by Weikert et al., 49 who
reported that the most common activities selected by 272 PwMS in a cross-sectional survey study were walking, weight training and bicycling.
Many participants in our study, especially those individuals with a more severe disability, described engaging in activities in the unstructured end of the continuum. We speculate that this finding may have at least two explanations. First, in clinical practice and research, PA programmes typically focus on exercise training, a subset of PA. Such programmes have traditionally excluded people with higher disability levels. 50, 51 Thus, these individuals may feel that they have no support to engage in the more structured programmes offered in exercise facilities. Second, PwMS were historically told not to engage in PA because of the belief that it can exacerbate the disease process and result in worsening of symptoms especially fatigue. 52, 53 It is possible that some participants in the study still hold some of these beliefs and do not participate in structured exercise to avoid fatigue. This possibility underscores the important role that health-care professionals have to play in educating people with MS on PA and exercise as a therapeutic strategy for MS management, a finding supported by Learmonth and colleagues in their recent qualitative studies. 54, 55 Some participants also discussed having to move from the structured to the unstructured end of the continuum to enable recovery after experiencing a severe relapse. This finding may be due to the perceived need to reduce the amount of PA participation in order to prevent worsening of the relapse and its symptomatic manifestations, although studies suggest that PA may be safe during a relapse. 52 This study is the first to show that unstructured and structured PA are not mutually exclusive and that PwMS who have moderate-to-severe disability and their family caregivers can go back and forth along the continuum depending on individual circumstances. This finding suggests that a degree of choice and flexibility may be required when designing programmes to support sustained PA participation among those affected by moderate-to-severe MS-related disability. The dyads were also concordant in their beliefs about the benefits of an active lifestyle, corroborating findings from previous individual-level qualitative research in MS. 33, 34, 43, 44, [55] [56] [57] The current study has highlighted a novel finding in relation to the influence of mutuality on the dyads' participation in PA. Participants in this study described PA as an interpersonal experience, with caregivers and care-recipients sharing very similar struggles, frustrations and adjustments. Considering that PwMS and their family caregivers often react to the impact of the disease as one interdependent unit, The dyads that were engaging in PA described how they had to accept the reality of MS and work collaboratively together to identify ways of successfully increasing levels of PA. The collaboration described by the dyads also manifested in terms of shared solutions to challenges and emotional support to cope with changing abilities and negative feedback. The positive influence of collaboration within dyads is consistent with previous research evaluating the efficacy of collaborative action on changing dyadic health behaviors. [66] [67] [68] For instance, Prestwich et al. 68 reported that participants who planned PA together with a friend or family member including when and where they would engage in these activities were more physically active than those who planned and acted in isolation. Other researchers have also demonstrated that collaborative adjustment between dyads provides greater perceived control and is associated with better physical health outcomes for the dyad. 25, 27, 30, 69 Overall, these findings further emphasize the need for researchers and clinicians to situate the focus for intervention development on the needs of the dyad, a practice that has shown beneficial effects in populations with other chronic diseases such as cancer, dementia and cardiac disease.
27,46-48
| Limitations
This study has some limitations that warrant consideration. First, our sample comprised majorly of middle-aged (40-59 years) and older adults aged ≥60 years. Given the literature suggesting that middle-aged and older adults with MS are less physically active than young adults affected by the disease, 70 it is possible that our findings may have been influenced by age-related factors in addition to MS-disability. Future researchers may want to explore the differences in PA perspectives between young and older adults affected by moderate-to-severe MS-related disability. Second, we did not have objective information on the PA levels of all our participants. Future researchers may want to gather this information in next studies to provide additional depth of analysis.
Third, although we utilized many strategies to recruit both members of the dyad, recruiting family caregivers proved to be chal- In addition, it is possible that the amount of caregiving time may influence perspectives on PA. Our study is limited by not having detailed information on caregiving time and tasks. Future researchers in these areas are encouraged to gather this additional information to look at this relationship. Finally, some of the challenges associated with focus groups include domineering or quiet members, the moderator's inability to control the course of discussion and the unnatural setting in which the interviews are conducted. 71, 72 In this study, we attempted to manage these challenges through training of the facilitator, supervision by a senior investigator during each focus group, using a small group composition and ensuring that the focus groups occurred at a place and time of convenience for the participants.
| CONCLUSION
This research has highlighted the need for both people with MS and caregivers to adapt to the impact of the disease on their lives and work together to find options to engage in PA. Given that participants described PA as a continuum of widely varied activities, interventions
should not solely focus on promoting structured exercise, but also encourage everyday PA while taking the needs of both caregivers and care-recipients into consideration. These findings highlight the vital importance of adopting an integrative approach that acknowledges the dyad as a focus for PA interventions, which is highly relevant given the rising burden of MS on society.
